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Study of convection heat flow induced by pump laser beam using
interferometry

M. Jafari and R.Karimzadeh, M. G.Beyqgi

Department of physics, Shahid Beheshti University, Tehran

Abstract-In this work we have studied the time evolution of convective field induced by propagation of laser beam through
the liquid samples. For this purpose the cell containing the red solution of dye in ethanol is placed in the interferometer
setup. Then, the convection heat flow is induced in the sample by 532nm Gaussian laser beam. The profile of the flow
velocity is investigated based on the Fourier analysis of the interferogram and hydrodynamic model for the convection
current.

Keywords: Interferometry, Fourier analysis, Convective field, Thermo-optical response

AN


http://opsi.ir/article-1-303-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

@ 3Y0) CCA  yoyeo b1y oas sbu! A3ty sl b
Jsle 51 QI ol 5o 0 JS8) aeiS e oo (asiliyy
Al F ol WSS, wesk
Waes  Glee 4 Jglbl o (Co(NO3),.6H20)
i ol e S8 by slml lpogd ge oolail
oslawl OYYNM zgo Job L Nd:YVO4s58
o Eee Jeb o diged (ad Dde s 0sdiee
el a5 xSyl 0.2Bm ™ (532nm) oy
WS R ey i) 6 AL o )0 dged S5y
Blyoul cely a5 ous oboul diges jo rdge 3B LS

Dgd oo Al slo 48

Ced Diode Laser

pc

Cell and

sample ¢ o-N¢ [aser
—

Collimator

Bs

oilesl 228 plean-) IS

g s -Y

S B sl d Gl Jsd 4 barye pglas
o galols .l ous ooy Lad ¥ IS o ol ey
aS gl oo oddline g Cowl 4l YO Jlgie nsyd g0
t=0 ;b 50 ey o0 Il Il SO w4l ¥ 5l o
5l am oad cud polal 4 gl b ogd (o0 by, ey
saibie Jo> oLl 5 tlad @i S gy g9,
2 $Bred Gl Sl a5 WS o0 0D ey S e €D
S & 4l el Gl ol cnl wedioe Jlw
Clle (il LS e oS, YU 4y gy Sy ol
ooy oy Sad RlBI L L g Jole 50 () sosle
aS (G b 4 0gd oo yien oad ol 58 MW
Oly 5y o8 (lKim aiSe st iy o B JSCS
Fbsnl clie plos (Lol S0 25l o0 D3l Laime

l.g WLM 9 ‘d;]d.o 0929 4 diged O ))J W) ‘Swglf

YA

et g oSl AVAY oo Ve LA

doddo—)

oo s adlae Gl goasie slagts, Sl oeS b
o 0ol SVlasg Slale ) 5 (Setyl S
Sl EBoy g Shy, rie S5 [1,2]cw
Jo goswling oole (Suishge i olss (5,5 ojlul
o0 ges Ygeme (i S35 j0.00b oo o] Sloj
Sloolawl b e g a8 5 )18 i Sl slagsl 5l
Orhogdor Slml Sleti oobe 69 b o L5
A5 o ol HglS (6aS0,L o 1) (o5l s s
[34] wiie o 4 0sle (5,55 ol o 5UT L a5
O ey o Jlow (S50 0l )2 (o) Orieen
cenlie o b el o 55 1 ools dr g 5 Copan] 5|
WS )09 3B et saled Ol oo S slag 8
Cawd AVl CBo L) ey 3l (OL Sl o s

[6,5]s,61
Ol e JBI g) ol eslinud bl cal o
oo 3 5 g Sl @l po ead sbml (e
I sl B adgs sl el 4B 13 ) 090
SorsS b Lol glosls miw U315 pleagr
O » uLod..:- u)‘ Lol ouds oolarul J.i.u L5‘°9§
O loads JuSid g3k g0 3l a5 Koo slezw Sl
Iy oS glad 5 ol o ules Olils,ly llug
Ol SIS 5l (&8, Jslxe (55, ey S oo JS
L g oo bl Joibl ,o (CO(NO3)2.6H20)4 ] ¢
Joeo o Seliagnen T 5 515 (slag s ol
45‘) C W}A ‘_}Jlssf 6)50)‘w‘ 6‘,} wtﬁ

! 00

2 oY

Slye 5l o (A4 =632.8NM) 55 poda 5 54550
JS80gS Bk g 00,5 Heee SO AL Sl pud
Jol v 5l 4ol 5l (SendasS (oo 0,55 slased
258 5ham R0 (Fend 9 QUL cel Hlad a5 3L
iS5k slam s 35 (o0 UL ped mhaw 5l iged |
S b g wiS e JFI sl el b sl
sloyd Jolis a5 (A3l lomyb onl weo o JSCES
BB ogem 9 Sb sasly Jdo a4 cwl s
4 byye pglas canlse 052y 4 ol Oslite slael,


http://opsi.ir/article-1-303-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

Olnl Ss398 (659l g (gwdige il 1S reies ol ot 4y ] Sesgied 9 Syl il )48 et

S 50 g 3B sl eul Sbml Gl oo e b

295 o0 Ol 2 Do 4SS )b Sad s

I(x,y,2)=l, [1+ycosAp(x,y,z)] (4)
Axz[n(x, yﬂ, z)—nyle (5)

oy Ghled 7 pstimpsle il cas g T o o8
Ospsele 55 @se Jsb Ay wised culhs €
ooy oolaiul QT)‘ &?‘AS C)Jc J..im.’ (5‘)'.’ aS el
S8 diges canSs cuye 3N(X,Y,Z) 9 Nyl

95 54,98 5IUT aliwg 4 ailige HAD Geay 3l G

Ap(X,y,z)=

@l ey oS,k Sl 8 A ¢l S gas
55 Sy b pll b jshate ndve sl (o0 o
90 o8 lad a4 JUl g (A2l )b (59, 2 sam
Gl (S wloe Cess 4 5550 4 cod )l e
O 1B Gl e oe el il L ) s
o Gl peizen 5 150) oy 55 (35 Sl 50
2 oo plol Gl 00l 00l jgue diged | oy H3ud aS
e 5SSt o Sl Jols mls e b g
S DS ¢ ey Jlosl 5han g L8 ol 2l msy
S ey ) Jlel L0 ab)S
B s Sloy J senalie slp [8] sl
VIO g adb < IVO lpley yo l, 5B WS Sl a8
B 58,5, 50 LAYUSE) o p5l0 Cowsd 4 il
doe 30 sy Hid God by g eowl Cews @ 5B
) Jobe (Sitbooy oy Ol 25 oo
A45x1074(K ™) 5 Jaie 45 5,50 o
PR L Sy ol @je samlre slpadlios
I olgee (Gl jgame ale) sl Coll pae aSy
19,5 oolaiwl y (Seoluoge s alal,
pT ™ =const (6)

Sless @y [Lad Ol el cpl 5l (285 @i
sbolyr Jodo 4l 4 azg b osiioe Laye Lo
9 Sl odazmy Jleas bl e Lalpd 5o b (Soslod
L clle @ 1538 gl o Lo saiged oizeen
Sam leley 5o 1) 56 Sl Jods e s 0
e sl il iz poeeiS 50 oy 2 1538

VAR

=325 3%

O oy jlaay (IS glaj b Sloj Jpoin Y S5

PRRTEL gy 14“93
S oo b old w5 eSS caye (]
03,5 1) cwacailed digal 45 Sgd o acl Ol i
e Slay aSas 1S L | Ken | QT BT Y Se-IRP I
Sl g pd i 4 dzg bl By LS
23 D0 4 Ol ooy ol dgzg 4 (5,50 o, SO
7] sy

dn |
APL:dT.([(I'(X,y,Z)—TO)dS @

<ol APL &9 ol) s ¢ ‘_;5143 JESCIg 61).3
1bg e g wlo (o0

L
APL
!cr(x,y,z)—To)ds—E
dT

=const (2)

L
TL oo w0 ols o LT (XY,2) Jiss
0

slioy 53 T(X,Y,2) bugie ie T o5 catys
ol a5l (2% b bl se diges 5l LoglS S5 s9ee
b cde 38 ol o by cwl gam g0 oS
Coyd ped (S jae bl o a8 caS ol

g gy Oyge a4 Ol e ) Leo s S0 Sl

an= VAT 3)
a7


http://opsi.ir/article-1-303-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

S S axis-¥

oy 3l o Jlew (G8pee Gl oo dlie cnl o
Scd S L8 syp s prd 6aSL g ad
L Glapd oo slp sam g0 a,e pUT
gy Wilg so (Zuimw Sl Al ool ladadl solail

bl Jlow (B yen Slail 2 (o2 sl clie

&=y

[1] V. P. KOZICH,* A. MARCANO O.,t F. E. CASTILLO
HERNANDEZ, and J. A., Use of Differential Thermal Lensing
to Study Two-Photon Absorption in Solutions, APPLIED
SPECTROSCOPY Volume 48, Number 12, 1994

[2] Young Ho Kim, Seong Jun Park, Sie-Wook Jeon, Seongmin
Ju, Chang-Soo Park, Won-Taek Han, and Byeong Ha Lee,
Thermo-optic coefficient measurement of liquids based on
simultaneous temperature and refractive index sensing
capability of a two-mode fiber interferometric probe, OPTICS
EXPRESS Vol. 20, No. 21/ 23751

[3] Z.Rafael Escalona, Rosi Carlo pace
andtime,characterization of a thermal lens wusing an
interferometric technique,Opt. Eng. 38 (9) (1999) 1591.

[4] 3 A P Lima', E Marin*®, O Correa’, M G da Silva’, S L
Cardoso', C Gatts', C E Rezende', H Vargas' and L C M
Miranda’ , Measurement of the thermal properties of liquids
using a thermal wave interferometer ,J A P Lima et al 2000
Meas. Sci. Technol. 11 1522

[5] L. Rodri’guez, C. Simos, M. Sylla, A.
Marcano,X.NguyenPhu,New holographic technique for third-
Orderoptical properties measurement , Opt. Commun. 247
(2005)

[6] R. Escalona, Study of a convective field induced by thermal
lensing using ,Optics Communications 281 (2008) 388-394

[7] Goldstein. New York: Hemisphere Publishing
Corporation; 1983(2nd ed. 1999).

[8] L. Rodriguez, R. Escalona,, ,Optics Communications 277
(2007) 57-62.

3yt grieo ol8isls AVAY pogo Ve LA
3

\ |

1

i ) f i i i .3 1
5 100 150 200 250 300 50 100 150 200 260 300
(Gl ) Y0 g () ».V0 gl jo 50 ol 6 ales-Y S

I Wb 5l glste plT Gl b ndl o515
0,5 oolaiul

1

Ep/2+pgz +P =const (7)
o 5l olgae (V) ol coli (40,81 Cons 4y (gl
Gazg bo,S eolainl B,b & 0 Jlw Cepw 09
Sow S Gl YO el ol 56 s polae ¥ S

Lg 00,5l Comd 4y 3,38 oo aoy S50 5] 4T i |
s |y i Sl ks (PIOY) Lty ) oalil

ooLé;:Mlj OJAT wom)mr‘x&fa)9p)}51‘5¢

35 635 o)l 1) e oo Sl i Ol on (V)selad 5|
a5 ydice dlaimMesgd o ool Glas B USE s oS

1.05 :
Speed
profile |
(cml/s)
0.95} ]
0.9t ]
0.8% 50 100 150 200 250
pixel
S Gl e (moge sl T SG
ooy 35 0 5O ¥ JaSoo) a8l
yY.


https://getinfo.de/app/Study-of-a-convective-field-induced-by-thermal/id/BLSE%3ARN220342024
https://getinfo.de/app/Study-of-a-convective-field-induced-by-thermal/id/BLSE%3ARN220342024
http://opsi.ir/article-1-303-en.html
http://www.tcpdf.org

